BACKGROUND AND PURPOSE: Improved MR imaging at higher field strengths enables more detailed imaging of cranial nerves. The aim of this study was to assess the identifiability of the NI in the CPA and IAC by using high-resolution 3T MR imaging.
T
he NI contains sensory and parasympathetic fibers that innervate the parotid, submandibular, submental, and minor palatine and pharyngeal salivary glands as well as the lacrimal glands. The NI is also responsible for the sensation of taste in the anterior two-thirds of the tongue. The NI originates at the brain stem between the facial nerve and the vestibulocochlear nerve in the lateral medullopontine sulcus. 1 In its further course, the NI accompanies the facial nerve or the vestibulocochlear nerve. In the latter case, it crosses over to the facial nerve at the level of the internal auditory meatus. Anatomic studies 2 revealed multiple variations of the NI in the CPA and IAC, both in its origin and course.
Until now, depiction of the NI by imaging was not possible by using either CT or MR imaging at 1.5T. 3 One major advantage of high-field MR imaging (ie, at 3T) is an increased SNR. This higher SNR results in better spatial resolution. 4 Data on a possible improvement of imaging of the CPA at 3T, in particular the NI, 5 are limited. Consequently, this study investigated the hypothesis that imaging the NI in the CPA and IAC is possible by using 3T MR imaging.
Materials and Methods

Participant Recruitment and Sampling
In this prospective observational study, we examined a consecutive series of 27 healthy volunteers. Inclusion criteria were as follows: at least 18 years of age; no symptoms of common cold, allergic rhinitis, or infections relating to the temporal bone or respiratory tract; no medication influencing fluid balance or blood pressure; and a subjective feeling of well-being. Volunteers not eligible for this investigation were those with known contraindications against MR imaging or any known previous surgery or disease of the CPA or temporal bone. Institutional review board approval was obtained, and all volunteers gave written informed consent for the examination.
Imaging Procedures
All volunteers underwent a 3T MR imaging examination (Magnetom Tim Trio; Siemens, Erlangen, Germany) of the temporal bone in our institution. The voxel size of the axial 3D-CISS Fourier transformation sequence 6 was 0.4 ϫ 0.4 ϫ 0.4 mm (TR, 12.18 ms; TE, 6.09 ms; matrix, 512 ϫ 512; FOV, 210 mm; flip angle, 50°; bandwidth, 130 Hz/pixel; averages, 1; time of acquisition, 8 minutes and 8 seconds) using a dedicated 12-channel head coil provided by the manufacturer. The volunteers were examined in a supine position; section orientation was parallel to the hard palate.
Data Analysis
Acquired images were transferred to a workstation (Syngo software, MR B15 Numaris/4; Siemens) for analysis. On the basis of known anatomic characteristics of the encephaloperipheral nervous system and its vascularization in the CPA and IAC, 7 structures in the CPA and IAC were characterized as nerves (ie, nervus facialis, nervus intermedius, nervus vestibularis superior, nervus vestibularis inferior, and nervus cochlearis) or vessels (ie, arteria cerebelli inferior anterior, arteria labyrinthi, and vena labyrinthi). For identification of the NI, MPRs with each section orientation indicted on the other reconstruction planes as color-coded cross hairs were used (On- Line Fig 1) . This approach allows exact correlation of anatomic structures in different planes. Two radiologists, the first (H.P.B.) specializing in temporal bone imaging (observer one, 7 years' experience), and the other (P.A.B.) experienced in general MR imaging (observer two, 3 years' experience) evaluated all images. Both independently rated the image quality and identifiability of the NI in the CPA and IAC. Image quality was categorized as follows: 0 ϭ insufficient, 1 ϭ adequate, 2 ϭ excellent.
Criteria for insufficient rating of image quality were pronounced occurrence of movement, pulsation, off-resonance, or banding artifacts preventing reliable evaluation due to duplication or disappearance of anatomic structures.
The image quality was rated as "adequate" if the following criteria were present: mild occurrence of artifacts, no duplications or disappearances, and continuous delineation of nervous or vascular structures. The image quality was rated as "excellent" if no or insignificant artifacts were observed, allowing excellent visualization of nervous or vascular structures.
Identifiability of the NI was also categorized according to an ordinal scale: 0 ϭ none, 1 ϭ adequate, 2 ϭ precise. A negative identifiability rating was assigned if image quality was insufficient or anatomic structures did not meet the criteria listed below.
The identifiability was rated as adequate by applying the following criteria: linear anatomic structure either in the CPA or IAC, minimal length one-third of the CPA or IAC, visually estimated diameter 30%-70% of the diameter of the facial nerve, 8 either parallel alignment to the nervus facialis and vestibulocochlearis or crossing over from the vestibulocochlear to the facial nerve (not vice versa), localization between the facial and vestibulocochlear nerve in the upper part of the IAC, no vessel contact capable of being misinterpreted in 2 of 3 planes by using MPR, and no vessel-like tortuosity or loops. The identifiability was rated as "precise" if the following criteria were present: linear anatomic structure in the CPA and/or IAC, length exceeding one-third of the CPA or IAC, visually estimated diameter 30%-70% of the diameter of the facial nerve, either parallel alignment to the nervus facialis and vestibulocochlearis or crossing over from the vestibulocochlear to the facial nerve (not vice versa), localization between the facial and vestibulocochlear nerve in the upper part of the IAC, no vessel contact capable of being misinterpreted in 2 of 3 planes by using MPR modus, and no vessel-like tortuosity or loops.
Additional criteria corroborating the classification of a structure as NI were a delimitation of the origin in the medullopontine sulcus and converging with the nervus facialis right before entering the fallopian canal.
Statistical Analysis
All data analysis was performed by using the Statistical Package for the Social Sciences, Version 17.0 for Windows (SPSS, Chicago, Illinois) by calculation of frequency tables and cross tables. Interobserver agreement of image quality and identifiability ratings were assessed by statistics. Results were benchmarked according to the classification of Landis and Koch for measurements of observer agreement for categoric data.
Results
Fifty-four NIs of 27 healthy volunteers were evaluated (13 men and 14 women) in this prospective study in February 2009. All volunteers met the inclusion and exclusion criteria. The volunteers' ages were between 22 and 76 years (mean, 33 years). No sex-specific differences regarding image quality or identifiability of the NI were identified during the evaluation process.
Image Quality Only 1.9%-5.5% artifacts lead to an insufficient image quality. An adequate image quality ranged between 29.6% and 31.5%; and excellent image quality, between 62.9% and 68.5% of the 54 NIs (Table 1) . According to statistics, interobserver agreement of the image quality rating was substantial ( ϭ 0.65).
Identification of the NI
In 8 volunteers, the NI could be identified neither on the right nor on the left side (29.6%). In 25.9% (7 volunteers), a unilateral identification and in 44.5% (12 volunteers) a bilateral identification of the NI were possible. Regarding the categorization of identifiability ratings, the NI was identified adequately in 22.2% and identified precisely in 35.2%. In cases of bilateral findings, in 22.3% (6 volunteers), the raters were in agreement regarding the categorization of the identifiability rating. However, in none of the cases did the course of the nerves show an exact symmetry when comparing both sides. In only 1 case, was an approximately symmetric course found (Fig 1) .
At least 1 NI could be identified in 70.4% of all volunteers, and the case-related overall identifiability of the nerve was 57.4% (Table 2 ). In only 3.7% of the cases were there differences in the assessment regarding the identifiability of the NI and in 7.4%, regarding the quality of identifiability. Interobserver agreement of identifiability ( ϭ 0.83) and overall identifiability (ϭ 0.92) of the NI in the CPA and the IAC were almost perfect. 
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Discussion
Our results show that 3T high-resolution imaging of the CPA allows reliable depiction of the NI. However, the prerequisite was a combination of knowledge of nervous and vascular structures with a precise definition of rating criteria and the use of modern technical equipment. The course (Fig 2) , size, and characteristic intermediate position between the nervus facialis and nervus vestibularis superior (Fig 3) facilitated identification of the NI in the IAC. The change in diameter and the looped configuration or tortuosity increased the accuracy of discriminating accompanying vessels from the nerve. An additional finding (eg, the nerve shown entering of the fallopian canal) simplified decision-making (On- Line Fig 2) . It was not possible to identify several roots of the NI on the same side. In addition, an approximate symmetric development was an infrequent finding (Fig 1) . Therefore, a comparison of unilateral findings with the contralateral side in consideration of a potentially symmetric development of the NI did not facilitate decision-making during the evaluation process. Previous anatomic studies reported the NI to consist of Յ5 roots, 2 with 1 usually predominating in size. Two roots were observed in 23%, 3 in 16%, 4 in 1%, and 5 in Ͻ1% of cases. A single root was observed in 59% of cases. 2 This last percentage is comparable with the results of our study, with an overall identifiability of the nerve in 57.4%. Because a single root is larger in diameter, we hypothesize that identification of the NI in our study may have been limited to cases consisting of 1 root or to 1 predominating root.
The following factors can impair identification of the NI: The anatomic position of the nerves in the CPA and IAC (ie, nervus facialis, nervus vestibularis superior, nervus vestibularis inferior, and nervus cochlearis) is typical in relation to each other; however, this position shows large variability 9 with its clockwise (left CPA and IAC) or counterclockwise (right CPA and IAC) rotation. 10 The NI cannot be fitted into this scheme because the various numbers of roots of the NI are arising from different sites between the facial nerve and the vestibulocochlear nerve. 2 In approximately 20% of cases, the NI is adherent to the eighth nerve. 11 Furthermore, fiber connections between the sensory fibers of the facial nerve (ie, the nervus intermedius) and nerve bundles of the nervus vestibularis superior and inferior within the IAC have been described. 10 These can lead to a decreased acutance of the nerves. Finally, an exact knowledge of the vascularization in the CPA and IAC 12 is a fundamental prerequisite for the evaluation of the NI.
The occurrence of movement, pulsation, off-resonance, or banding artifacts cannot be avoided. It was not possible to eliminate these artifacts completely from the region of interest (eg, CPA and IAC). 13 According to our results of image-quality rating, artifacts did not significantly restrict the evaluation of the NI. The time of acquisition (8 minutes, 8 seconds) of the CISS sequence used allows implementation in clinical routine. 
Future Clinical Applications
Most schwannomas of the CPA and IAC are of the nervus vestibulocochlearis. However, a study of McMenomey et al 14 reported that Յ38% of vestibular schwannomas were mistaken for facial schwannomas, though primary facial nerve schwannomas are rare tumors with an incidence between 1.2% and 2.9% of all tumors in the CPA. 15 According to our experience, most of CPA and IAC schwannomas become symptomatic (eg, peripheral facial palsy) if they reach a critical mass and are compressing and displacing adjacent nervous structures. Due to the above-mentioned aspects and to our results of asymmetric courses of the NI in most cases, it is unlikely that the technique used in this study makes it possible to differentiate midsized or large schwannomas of the facial, intermediate, or vestibulocochlear nerve. According to our results, imaging findings of the contralateral side may not be useful for surgery guidance. However, on the basis of continuous improvement of imaging procedures and due to our clinical experience in the past years, an increasing number of CPA schwannomas are diagnosed as incidental findings in an early stage of tumor development.
Modern surgical treatment modalities of schwannomas in the CPA and IAC aim to preserve both hearing and facial function. Because early tumor removal causes less damage to surrounding structures, an early and precise tumor staging is required 16 to differentiate schwannomas of the facial nerve, intermediate nerve, or vestibulocochlear nerve. Until now, reports of a CPA schwannoma found to be an NI schwannoma were limited. 16 However, because of the predilection of schwannomas for sensory nerve fibers, 17 it is hypothesized that the tumor origin of facial nerve schwannomas is the sensory part of the facial nerve (ie, NI). 15 We believe that the technique applied in this study for identifying the NI will be a helpful tool in future clinical studies examining the verification of the latter hypothesis.
Other diseases involving the NI are hemifacial spasm because of vascular compression or schwannoma 16 and NI neuralgia. 18, 19 The presumed etiology of NI neuralgia is analogous to that of a trigeminal tic: cross compression of the nerve at its central peripheral myelin junction. The symptoms of NI neuralgia are deep ear pain, deep face pain, or throat pain. If conservative treatment fails, surgical treatment is a retromastoid craniectomy with microvascular decompression of cranial nerves V, IX, and X with resection of the NI. 20 Therefore, imaging of the NI and of adjacent vessels may be helpful in preoperative planning.
Conclusions
With conscientious evaluation of all nervous and vascular structures in the CPA and IAC, high-resolution 3T MR imaging allows reliable depiction of the NI. Therefore in future studies, high-resolution imaging may remove uncertainties at the assignment of small CPA or IAC schwannomas to 1 of the nerves (eg, in case of vestibular-like facial nerve schwannomas). 21 This may result in more frequent protection of the facial or vestibulocochlear nerve in the context of schwannoma resection, surgical treatment of NI neuralgia, or microvascular decompression. The occurrence of postoperative complications after intraoperative injury of the NI, like crocodile tears (44%), significant reduction in the production of tears (72%), and taste abnormality (48%), could be reduced. 22 Furthermore, a better differentiation among the facial, intermediate, and vestibulocochlear nerves may also be helpful in the assessment of other CPA lesions.
